The values of the specific retention volumes of non-polar and polar adsorbates chromatographed on the ordered mesoporous silica adsorbents (MCMs) were determined under their infinite dilution conditions. Two methods were employed for the calculation of the standard free energy of adsorption, ∆G ads , of the chromatographed adsorbates on the basis of the specific retention volumes. The ∆G ads values were employed for the estimation of the van der Waals contribution and specific contribution of the free surface energy for the MCMs and the parameters characterising their ability to act as acceptors, K A , and donors, K D , of electrons.
INTRODUCTION
The silica adsorbents MCM41 are rated to the ordered mesoporous silica materials. These adsorbents contain hexagonal mesopores non-connected with one another and creating a honey comb structure. An essential property of the materials is the possibility during synthesis to predict and control the dimension and volume of pores in the obtained adsorbent. The MCM41 group has homogeneous pores with the dimensions ranging from 1.5 nm to 10 nm. For them, the pore volume is usually ranged from 1.0 to 1.5 cm 3 /g, whereas the specific surface area is ranged from 900 to 1500 m 2 /g. The mesopore walls are made of amorphous silica [1] . Few papers concerning the problem of testing the acceptor-donor properties of ordered mesoporous silica materials by inverse gas chromatography have been published recently. The adsorbate-adsorbent interactions, i.e., the probe -the ordered mesoporous silica adsorbent, can be regarded as van der Waals interactions and/or specific ones. Therefore the adhesion energy must be divided into several terms corresponding to different dipole interactions (fluctuating dipole-induced dipole, induced dipole-permanent dipole and permanent dipolepermanent dipole) and acceptor-donor interactions including hydrogen bonds as their subset. To the first approximation, the adhesion energy, adh W , can be simply expressed as the sum of two terms, 
where:
-the specific contribution of the free energy of adsorption is determined as the distance (vertical to the abscissa !) between the reference line of n-alkanes and the point for the polar probe in the plot The total standard free energy of transferring one mole of adsorbate from the gas phase to the standard state on the adsorbent surface, known as the energy of adsorption, can be calculated on the basis of the specific retention volume referred to one gram of adsorbent in the column and to the column temperature, 
THEORETICAL
Pearson has proposed the Hard-Soft Acid-Base (HSAB) principle for the generalized Lewis acid-base interaction to classify acids and bases according to the absolute hardness [3] , whereas Lee summed up the Pearson's proposal in the following way: i) a hard acid contains an acceptor atom of high positive charge and a relatively small size. It does not have easily excitable outer electrons and it is not polarizable [4] ; ii) a soft acid contains an acceptor atom of low positive charge and a relatively large size. It has several easily excitable outer electrons and it is polarizable [4] ;
iii) a hard base contains a donor atom of low polarizability that is hard to reduce. It is associated with empty orbitals of high energy and hence inaccessible [4] ; iv) a soft base contains a donor atom of high polarizability and low electronegativity. It is easily oxidised and associated with unoccupied lowlying orbitals [4] . Isaacs has proposed the HSAB principle for organic reactions and the frontier orbital approach to illustrate the electrophilic and nucleophilic interactions [5] , whereas Lee summed up the Isaacs proposal in a similar way as he did for the Pearson's one [4] : i) a hard electrophile (or acid) has a high-energy lowest unoccupied molecular orbital (LUMO) and usually has a positive charge [4] ; ii) a soft electrophile has a low-energy LUMO, but it does not necessarily have a positive charge [4] ; iii) a hard nucleophilic (or base) has a low-energy (highest occupied molecular orbital) HOMO and it usually has a negative charge [4] ; iv) a soft nucleophile has a high-energy HOMO but it does not necessarily have a negative charge [4] .
As it is commonly known acid-base properties of the tested solid have a decisive influence on the value of the specific contribution of the enthalpy of adsorption of the test substance:
SP ads H ∆ -the contribution of the specific enthalpy of adsorption of the probe on the tested surface, A K and D K -the parameters characterising the ability of the tested surface to behave as an acceptor or a donor of electrons, respectively, AN and DN -the acceptor number and donor number of probe, respectively.
Liquids can also be characterised by donor, DN, and acceptor, AN, numbers following the Gutmann acid-base approach [6] : -the donor number characterising the basicity or electron-donor ability, which is the molar enthalpy value of the reaction between the base, viz., the electron-donor D and a reference acceptor, antimony pentachloride -SbCl 5 , in a dilute solution of 1,2-dichloroethane [7] ; -the acceptor number characterising the acidity or electron-acceptor ability, which is defined on the NMR chemical shift of P 31 in triethylphosphine -(C 2 H 5 ) 3 PO, when it is dissolved in the acceptor solvent A [8] .
In chromatographic study, it is necessary to choose either a strong donor (base) character, or a strong acceptor (acid) character, and both characters (amphoteric).
The donor number (DN) was defined by Gutmann et.al [6, 7] as the negative of the enthalpy of formation of the adduct produced when the organic compound (i.e. the base in question) reacted with the reference Lewis acid, SbCl 5 :
Gutmann has also introduced the concept of an acceptor number (AN), to supplement DN and to measure the strength of the Lewis acidity or electrophilicity of a liquid [6] . The AN S values were determined from the magnitude of induced chemical shifts in P 31 NMR spectra of triethylphosphine oxide (Et 3 PO) as a basic probe. Thus, both AN and DN values were scaled semiempirically, and a given acid-base interaction could be expressed by an analog to the E and C equation [9] .
On 
where i denotes a probe.
The main aim of the paper is to characterize the acceptor-donor properties of the ordered mesoporous functionalized silica adsorbents by means of inverse gas chromatography.
Voelkel described in his paper another method of determining the A K and 
} is the specific component of the free energy, actually it is the vertical distance between the total free energy of the polar probe and the total free energy of a hypothetical n-alkane on the reference line having the same value on the abscissa.
EXPERIMENTAL

Adsorbents and adsorbates
The characteristics of the MCMs tested were elucidated on the basis of the results obtained via low-temperature N 2 adsorption data, XPS, XRD and AFM tests, and reported earlier [13] .
The 
Chromatographic tests
The chromatographic measurements of the aforementioned probes were undertaken using a Unicam type 610 gas chromatograph fitted with an on-line Unicam 4880 chromatography data handling the system which was switched on when a sample was injected. The instrument was equipped with a flame ionization detector. The injector and detector temperatures were 396 K and 398 K, respectively. Elution peaks of the adsorbates were acquired at 343-393 K and the sampling rate 10 Hz employing helium at a flow rate equal to 20±0.1 cm 3 /min. The MCM samples, degassed at 383 K, were placed in 65 cm × 0.4 cm I.D. glass columns, the length of the adsorbent bed in each column being 10-12 cm. The part of the column which was unoccupied by the MCM was filled with glass beads of 80 mesh size. The filled column was mounted in the chromatograph thermostat and heated at 423 K for 24 hours in a helium stream at a flow-rate of 40 cm 3 /min. The amount of the injected adsorbates onto column ranged between 0.05-0.005 µl of vapour in the case of n-alkanes, cyclohexane and benzene and liquid for diethyl ether and ethyl acetate. The important part of these chromatographic tests has been the determination of the retention volume of a non-adsorbed probe, viz., the holdup. The gas holdup time, t M , can be calculated from the dependence:
where Ri t are the retention times of Ar, Kr, Ne and Xe ; i M is the atomic mass of the aforesaid gases ; ) (z U is the Kirkwood-Müller or Lennard-Jones 12-6 or 9-3 potential function ; a and b are the coefficients.
The justification for the basic idea of calculating the t M values was very precisely presented earlier [2] .
For all the tested systems the asymmetric elution peaks were obtained, for which the retention times depended on the amount of adsorbate injected onto column. The retention times were estimated on the basis of the first statistic moment, m 1 , i.e. the centres of gravity of peaks: The retention times corresponding to the infinitely low coverage of the MCM surface with probe molecules were determined by employing the following dependency [14] :
The specific retention volumes were calculated by employing the retention times determined for the infinite dilution of probe and referred to 1 gram of the MCM in the column [14] :
In equations (11)- (13) Tables 1 and 2 , respectively, and the corresponding plots are depicted in Figures 1 and 2 .
The values of the quotient
suggested that the MCMs surfaces tested here have electron acceptor properties. It is necessary to add that in the case of employing equation (8) the A K values are lower than 0 (see Figure 1) , but in the case of using equation (9b) the values of both parameters are above 0 (see Figure 2 ). It can be observed that the entropic effect has a decisive influence on the chromatographically determined A K and D K parameters. The other problem is that there are no sets of probes for these tests, like the Grob test. Lowering the number of probes employed will have a decisive influence on the results obtained. As the results of the analysis it has been found that all the tested adsorbents have acceptor properties. It seems obvious in the case of C16 and C16-SH because of strong acceptor properties of -OH and -SH groups, whereas the wellfounded doubts come from the values of the A good correlation between the XPS and IGC results has been obtained in the case of the acceptor-donor characteristics. It suggests, that the specific adsorbate-adsorbent interactions are strongly dependent on the percentage of elements in the surface layers of the tested MCMs.
It is necessary to work out the set of probes for these tests for unambiguous interpretation of the acceptor-donor properties.
